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Cell	 extracts	 are	also	a	 very	powerful	way	of	examining	 the	potential	 interaction	between	cellular	
components	in	more	complex	biological	systems.	To	address	this	sort	of	question,	a	typical	approach	


















































can	 have	 profound	 implications	 for	 the	 ability	 for	 some	 complex	 processes	 to	 proceed.	 A	 good	
example	of	this	is	nuclear	assembly	in	Xenopus	egg	extracts,	the	efficiency	of	which	is	highly	sensitive	
to	dilution.	The	dilution	 that	occurs	when	cell-free	extracts	are	made	 introduces	an	 ionic	aqueous	
environment	that	can	be	very	different	from	that	of	the	intact	cell.	This	can	have	profound	effects	on	
complex	biological	reactions,	so	the	components	of	the	diluting	buffer	need	to	be	chosen	with	care.	
For	 example,	 whilst	 the	 physiological	 intracellular	 cation	 is	 potassium	 at	 ~150	 mM,	 the	 main	
intracellular	anion	comes	from	negatively-charged	amino	acids	on	proteins	and	the	concentration	of	
chloride	 is	much	lower	than	that	of	potassium	(10-80	mM,	varying	between	cell	types).	 In	cell-free	
extracts,	 chloride	 is	 typically	 added	 to	 buffers	 at	 concentrations	 higher	 than	 exist	 in	 vivo,	 and	 is	













Eggs	 are	 large	 single	 cells	 and	 therefore	 easy	 to	 lyse	 without	 extraction	 components	 such	 as	
detergents	 that	 are	 potentially	 inhibitory.	 Furthermore	 they	 can	 be	 lysed	 gently	 by	 centrifugation	
minimising	the	shear	forces	involved	in	mechanical	homogenisation	procedures.	Centrifugation	also	
provides	a	convenient	means	of	 sub-cellular	 fractionation	of	 the	 resulting	homogenates.	The	 large	
maternal	stockpile	of	materials	required	for	rapid	cell	division	and	development	following	fertilisation	








tritiated	 dTTP	 incorporation	 as	 well	 as	 possible	 replication	 bubbles	 in	 the	 electron	 microscope	
(Benbow	and	Ford,	1975).	Gandini	Attardi	added	SV40	DNA	to	oocyte	extract	and	observed	complex	
forms	 in	 the	 electron	 microscope	 which	 they	 interpreted	 cautiously	 as	 the	 products	 of	 either	
replication	or	recombination	(Gandini	Attardi	et	al.,	1976).	Mattocia	et	al	used	the	same	procedures	
as	 Gandini	 Attardi	 and	 fractionated	 a	 relaxing	 activity	 which	 we	 would	 now	 recognise	 as	 DNA	
topoisomerase	1	and	also	endonuclease	activities	(Mattoccia	et	al.,	1976).	While	there	may	have	been	
genuine	contributions	of	DNA	replication	in	these	studies,	nevertheless	the	extent	of	recombination	









other	 acidic	 proteins	 N1/N2.	 The	 functions	 of	 nucleoplasmin	 and	 N1/N2	 were	 identified	 by	
fractionation	 of	 Xenopus	 egg	 extracts.	 A	 puzzling	 problem	 encountered	 in	 these	 early	 studies	 of	







et	 al.,	 1991;	 Philpott	 and	 Leno,	 1992;	 Leno	 et	 al.,	 1996).	 Second,	 attempts	 to	 confirm	 that	
nucleoplasmin	was	indeed	a	nuclear	protein	produced	the	initially	controversial	result	that	import	of	
nuclear	 proteins	 into	 the	 nucleus	 is	 not	 by	 free	 diffusion	 and	 selective	 retention	 of	 only	 nuclear	





nuclei	were	made	 by	microinjection	 of	 proteins	 and	 protein	 fragments	 into	 the	 cytoplasm	 or	 the	








Masui,	 1983).	 First,	 they	 avoided	 conventional	 homogenisation,	 but	 instead	 they	 lysed	 eggs	 by	
centrifugation	of	packed	eggs.	Secondly,	the	extracts	contained	very	little	exogenous	buffer	and	so	














Egg	extracts	prepared	by	 the	principles	of	 Lohka	and	Masui	 appear	 to	 faithfully	 support	 all	 of	 the	
cytoplasmic	activities	that	occur	in	the	early	embryo	and	which	do	not	require	the	plasma	membrane.	
This	means	 that	 they	 essentially	 represent	 a	 'cell	 in	 a	 test	 tube'.	 As	 a	 consequence,	Xenopus	 egg	
extracts	 have	 been	 widely	 exploited	 for	 the	 study	 of	 many	 further	 processes	 including	 nuclear	
assembly,	nuclear	cytoplasmic	transport,	DNA	repair,	and	chromosome	structure.	Perhaps	the	most	











were	 capable	 of	 synthesising	 a	 complete	 complementary	 DNA	 strand	 on	 single	 stranded	 DNA	































has	 also	 developed	 since	 the	 initial	 protocol	 of	 Lohka	 and	Masui.	 Of	 note	 is	 the	 development	 of	
'nucleoplasmic	 extract'	 (NPE)	 which	 provides	 an	 extract	 that	 can	 support	 the	 initiation	 of	 DNA	
replication	 without	 the	 DNA	 having	 to	 be	 assembled	 into	 a	 nucleus	 (Walter	 et	 al.,	 1998).	 The	
preparation	of	NPE	exploits	 the	 fact	 that	 intact	nuclei	 float	 in	Xenopus	 egg	extract.	When	extracts	
containing	 nuclei	 are	 centrifuged,	 a	 layer	 of	 nuclei	 float	 to	 the	 top	 and	 can	 be	 harvested	 and	
subsequently	crushed	to	release	an	undiluted	extract	of	nucleoplasmic	protein	(Figure	4).	When	DNA	
that	has	already	been	licensed	is	 incubated	in	NPE	(which	contains	active	geminin	and	so	does	not	
support	 origin	 licensing),	 the	 initiation	 of	 DNA	 replication	 occurs	 very	 efficiently.	 The	 use	 of	 NPE	
provides	 a	 powerful	 extract	 system	 for	 studying	 replication	where	 there	 is	 great	 control	 over	 the	













though	 there	 has	 been	 significant	 progress	 in	 several	 areas.	 The	 first	 evidence	 of	 initiation	 in	
mammalian	 cell-free	 extracts	was	 achieved	 using	 G1	 nuclei	 in	 S-phase	 cytoplasm	 from	HeLa	 cells	
resulting	in	cyclin/Cdk	dependent	initiation	of	replication	in	vitro,	though	efficiencies	were	not	high	
and	optimisation	of	the	systems	has	been	difficult	(Krude	et	al.,	1997).	A	variation	of	this	system	using	






























for	 cancer	diagnosis	 and	 screening.	 Initial	 attempts	 focused	on	Cdc6	 as	 a	 potential	marker	but	 its	
stability	 limited	 its	 value.	 In	 contrast	 MCM	 proteins	 of	 the	 MCM2-7	 complex	 are	 robust	 and	
informative	markers	that	have	been	tested	extensively	for	both	screening	and	differential	diagnosis	
for	a	range	of	cancers	(Baldwin	et	al.,	2003;	Coleman	et	al.,	2006;	Jackson	et	al.,	2013).	Clinical	trials	
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Blow and Laskey, Figure 4
